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© An improved device fabrication method and tran- 
sistor structure 36 provide shallow, heavily doped, 
source/drain junction regions 64 and a uniformly 
doped lower gate region 50 having a high concentra- 
tion of dopants efficiently distributed near the gate 
electrode/gate interface 51. The gate, source, and 
drain terminals of transistor 36 may be intercon- 
nected to other neighboring or remote devices 
through the use of reacted refractory metal intercon- 



nect segments 98 and 100. Transistor structure 36 of 
the present invention may be constructed in an 
elevated source/drain format to include elevated 
source/drain junction regions 87 which may be fab- 
ricated simultaneous with a primary upper gate elec- 
trode region 88. This elevated source/drain junction 
feature is provided without added device processing 
complexity. 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to microelec- 
tronic devices and integrated circuits, and more 
particularly to a fabrication method and process 
flow involving construction and interconnection of a 
high-performance insulted-gate field-effect transis- 
tor (IGFET) having an efficiently doped gate elec- 
trode structure and shallow low-resistance 
source/drain junction regions. 

BACKGROUND OF THE INVENTION 

In modern integrated circuit technologies, nu- 
merous device fabrication methodologies have' 
been provided in order to construct insulated-gate 
field-effect transistors (IGFETs). IGFET devices 
have important applications in advanced very-large- 
scale integration (VLSI) or ultra-large-scale integra- 
tion (ULSI) circuit environments. In fabricating IG- 
FETs, it has heretofore been recognized as desir- 
able to ensure that the source/drain junction re- 
gions of the IGFET are shallow and have low 
parasitic electrical resistance. In submicron transis- 
tors where the device channel or gate length is 
scaled down, it is likewise desirable to properly 
reduce other lateral and vertical dimensions asso- 
ciated with the transistor. In particular, the 
source/drain junction depth of the transistor should 
be reduced. Reduced device dimensions and other 
scaled physical parameters of the device such as 
doping profiles must be properly controlled or else 
undesirable effects may occur in operation of the 
transistor, resulting in transistor performance deg- 
radations. 

At least two device performance degradation 
problems are associated with deep source/drain 
junction regions in scaled IGFET devices. The first 
problem is the possibility of .a device drain current 
leakage caused by a phenomenon known as drain- 
induced barrier lowering (DIBL). DIBL causes in- 
creased off-state electrical current leakage through 
the transistor channel. Theoretically and ideally, no 
subthreshold drain current should pass through a 
transistor channel for gate-to-source voltages below 
the nominal transistor threshold voltage. However, 
as drain-to-source voltage is increased for a con- 
stant gate-to-source voltage below the threshold 
voltage of the device. DIBL causes the drain cur- 
rent of the device to likewise increase due to a 
lowering of the effective channel potential barrier. 
Thus, deeper source/drain junction regions cause 
DIBL which in turn creates a transistor response 
which departs from ideal device characteristics. 
This phenomenon is also known as DIBL-enhanced 
subthreshold leakage. 

A second problem associated with deep 
source/drain junction regions and also closely asso- 
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ciated with subthreshold leakage is the occurrence 
of punch-through leakage and breakdown under- 
neath the transistor channel. Punch-through leak- 
age occurs where a transistor, although in an off- 
5 state condition (gate-to-source voltage below the 
threshold voltage), leaks from a bulk leakage path 
produced by the connection or proximity of the 
depletion regions surrounding the individual doped 
source/drain junction regions of the transistor. Once 
io this leakage current occurs, the transistor gate is 
no longer fully controlling the conductivity of the 
device channel. As a result, the transistor, and any 
circuit implementing it, may become inoperable or 
work in a fashion other than that which is desired. 
is An additional concern in the construction of 

VLSI and ULSI transistor circuits has been the 
necessary control and effects of refractory metal 
and metal silicide contacts to various terminals of 
individual transistors. Refractory metal or metal sili- 
20 cide contacts to the surfaces of transistor gate and 
source/drain junction regions are achieved based 
on a self-aligned technique which is well-known in 
the art. A trade-off, however, exists in selecting the 
thickness of the refractory metal or silicide con- 
25 tacts. This trade-off results from two opposing con- 
siderations. First a thick metal silicide contact layer 
is desirable in order to minimize the effective sheet 
resistance associated with the transistor 
source/drain junction and gate regions. For sub- 
so micron technologies, this consideration is particu- 
larly important due to the reduced size and the 
increased speed expectations of the transistor. 
Second, a thin refractory metal silicide layer is 
desired in order to minimize source/drain silicon 
35 consumption which occurs due to the reduction of 
the semiconductor source/drain surface by the 
thermal silicidation reaction of the refractory metal 
therewith. This requirement will ensure low junction 
leakage In source/drain junction regions. Thus, 
40 these two opposing considerations must be op- 
timized in constructing a transistor which utilizes 
refractory metal silicide contacts. 

Advanced IGFETs employed in metal-oxide- 
semiconductor (MOS) technologies usually use a 
45 stacked gate structure consisting of a lower layer of 
doped polycrystalline silicon (or known as poly- 
silicon) and a top layer of refractory metal silicide 
to lower the overall transistor gate parasitic resis- 
tance and gate interconnection delay time. The 
so lower layer of polysilicon is usually doped with 
arsenic,, phosphorus, or boron using furnace doping 
or ion implantation, ft Is critical that the gate poly- 
silicon doping should be high and uniform, particu- 
larly near the gate electrode/gate dielectric inter- 
55 face Uniform high doping of a thick polysilicon 
layer requires a rather high temperature annealing 
step which can also result in unwanted dopant 
redistribution in the source/drain junction and chan- 
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nel regions of the transistor. On the other hand, 
lower temperature annealing steps are favored to 
maintain shallow source/drain junctions and to pre- 
vent dopant (such as threshold voltage adjustment 
dopant implanted in the channel) redistribution in 
the device channel; however, lower temperature 
annealing may result in insufficient dopant redis- 
tribution in the gate polysilicon and insufficient dop- 
ing near the gate electrode/gate dielectric interface. 
This phenomenon degrades device performance. In 
addition, excessive thermal anneals not only result 
in deep source/drain junctions , but may also cause 
dopant penetration from the gate polysilicon to the 
device channel region via the gate dielectric. These 
results degrade process control and device param- 
eter spread by changing the transistor threshold 
voltage and other characteristics. An improved fab- 
rication method is needed to overcome these 
trade-offs for high-performance transistor struc- 
tures. 

In an effort to solve problems pertaining to 
deep source/drain junction regions and the forma- 
tion of refractory metal silicide contacts, a device 
known as an elevated source/drain transistor has 
been heretofore developed. An elevated transistor 
includes doped source/drain semiconductor regions 
within the semiconductor substrate (or well) of the 
device, and elevated doped source/drain semicon- 
ductor regions disposed at the surface of the semi- 
conductor substrate and immediately over the dop- 
ed source/drain junction regions. This elevated 
source/drain structure reduces the problems asso- 
ciated with deep source/drain junction regions and 
surface refractory metal silicide connections dis- 
cussed above. Unfortunately, however, the meth- 
odologies heretofore known in the art for construct- 
ing elevated source/drain transistors have gener- 
ated a number of trade-offs. Each of these trade- 
offs gives rise to manufacturing complexity arid 
limitations in the operaWlity of the device. In par- 
ticular, thermal annealing processes implemented 
in the manufacture of the elevated source/drain 
transistor must be accurately controlled in order to 
accommodate some of the trade-offs. A failure in 
controlling these annealing processes may result in 
an inoperable device or a device with parameters 
dissimilar to those required or specified for it. 

Still another concern in the formation of VLSI 
and ULSI circuits has been the methods used to 
interconnect devices which are local to one an- 
other. One current method suffers inefficiencies by 
requiring numerous process steps and wasting ex- 
cess unreacted materials. An alternative known 
method is problematic because it utilizes intercon- 
necting materials such as refractory metal nitrides 
having high electrical resistivity which can reduce 
the overall circuit speed and limit the distance that 
the interconnect lines can extend. These methods 



also rely on complex fabrication techniques which 
may cause process repeatability problems. 

There are often numerous processing steps 
necessary in order to complete the local intercon- 

s nect process. A first type of interconnection 
scheme involves forming refractory metal silicide 
contacts on the transistor source/drain and gate 
regions, while discarding, and therefore wasting, 
any excess material (either reacted with nitrogen or 

ro unreacted) which extends beyond the dimensions 
of the transistor active area. Thereafter, an inter- 
lovol dielectric is deposited and metal contact 
holes are formed therein using standard 
photolithographic and etching processes. Finally, a 

is metal layer is deposited thereby forming contacts 
between the top metal layer and the refractory 
metal silicide regions previously formed. A second 
type of interconnection scheme involves forming 
refractory metal silicide contacts on the transistor, 

20 and retaining selected portions of metal nitride ma- 
terial which are formed over the field insulating 
regions during refractory metal silicide formation 
and which extend beyond the active dimensions of 
the transistor. These selected portions, usually 

25 made of refractory metal nitrides, are used as local 
interconnects; however, these portions have a high 
electrical resistivity because they have not reacted 
with a semiconductor as have the silicide contacts 
on the transistor gate and source/drain regions. 

30 The high electrical resistivity severely limits the 
practical length and efficiency of this type of local 
interconnect, particularly in submicron technology. 

Therefore, a need has arisen for a method and 
structure involving the construction and intercon- 

35 nection of a high-performance insulated-gate FET 
which optimize and accommodate the trade-offs 
and problems identified above. 

SUMMA RY OF THE INVENTION 

40 

In accordance with the present invention, a 
method and structure involving construction and 
interconnection of a high-performance insulated- 
gate field-effect transistor (IGFET) are provided 

45 which substantially eliminate or reduce disadvan- 
tages and problems associated with related prior 
art methodologies and structures. 

The present invention includes a method of 
forming a transistor comprising the step of forming 

so an insulating layer adjacent a semiconductor re- 
gion. A stacked gate conductor region including 
first and second conductor regions is formed adja- 
cent the insulating layer and opposite the semicon- 
ductor region. Further, Implanted source/drain junc- 

55 tion regions are formed within the semiconductor 
region by simultaneously implanting dopants into 
the first gate electrode region and the semiconduc- 
tor region. 
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The methodologies and structure associated 
with the present invention give rise to numerous 
technical advantages. A first technical advantage of 
the present invenlion is its compatibility with either 
p or n-channel transistor fabrication processes. Ad- 5 
ditionally. there is the technical advantage of com- 
patibility with lightly doped drain (LDD) transistor 
structures and processes. Still another technical 
advantage of the present invention is a process 
which permits simultaneous and optimized doping to 
of a transistor gate electrode and source/drain junc- 
tion regions while accommodating trade-offs asso- 
ciated with the formation of shallow source/drain 
junction regions and effectively doped gate elec- 
trodes. An additional technical advantage of the 15 
present invention is the provision of an option for 
an elevated source/drain transistor structure. This 
elevated structure provides the technical advan- 
tages of controlled shallow effective electrical depth 
of the source/drain junction regions, reduced de- 20 
vice punch-through leakage and drain-induced 
barrier-lowering device performance degradation 
effects and the allowance of thick reacted refrac- 
tory metal semiconductor surface shunts without 
degrading the effective electrical depth of the 25 
source'drain junction regions of the transistor and 
without enhancing the source/drain junction leakage 
current density. Still another technical advantage of 
the present invention is the formation of a high 
conductivity interconnect between the transistor 30 
structure and neighboring as well as remote de- 
vices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

* For a more complete understanding of the 
present invention and for further advantages there- 
of, reference is now made to the following detailed 
description taken in conjunction with the accom- 
panying drawings, in which: 40 
FIGURE 1 illustrates a cross-sectional view of a 
prior art elevated source/drain transistor with 
silicided gate and source/drain junction regions; 
FIGURE 2 illustrates a cross-sectional view of a 
semiconductor substrate (or doped well) having 46 
a moat or active region surrounded by thick field 
insulating regions defining a moat region for 
constructing a transistor; 
FIGURE 3 illustrates a cross-sectional view of an 
initial gate structure including a lower gate re- 50 
gion and a disposable upper gate region placed 
over a gate dielectric layer; 
FIGURE 4 illustrates a cross-sectional view of 
the initial gate structure having primary thin 
sidewall spacers and lightly doped source and 55 
drain junction regions; 

FIGURE 5 illustrates a cross-sectional view of 
the initial gate structure with secondary sidewall 



spacers before removing the disposable upper 
gate region; 

FIGURE 6 illustrates a cross-sectional view of 
the transistor structure after removing the dis- 
posable upper gate region; 
FIGURE 7 illustrates a cross-sectional view of 
the present invention including heavily doped 
source/drain junction regions after an ion im- 
plantation process to dope the lower gate and 
source/drain regions and after removing the gate 
etch-stop layer; 

FIGURE 8 illustrates a cross-sectional view of 
the present invention including elevated 
source/drain junction regions and a permanent 
upper gate region formed from a selective semi- 
conductor growth (SSG) process; 
FIGURE 9 illustrates a cross-sectionaJ view of 
the present invention having reacted refractory 
metal (preferably silicide) transistor contacts; 
FIGURE 10 illustrates a cross-sectional view of 
an alternative initial gate structure having a pad 
silicon nitride overlayer formed thereon; 
FIGURE 11 illustrates a cross-sectional view of 
an alternative embodiment having insulating 
sidewall spacers and the gate pad nitride over- 
layer; 

FIGURE 12 illustrates a cross-sectional view of 
the transistor of FIGURE 11 having regrown 
insulator segments overlying the implanted 
source/drain junction regions; 
FIGURE 13 illustrates a cross-sectional view of 
the alternative embodiment of FIGURE 12 fol- 
lowing removal of the gate pad nitride overlayer; 
FIGURE 14 illustrates a cross-sectional view of 
the embodiment of FIGURE 13 following re- 
moval of the disposable upper gate region; 
FIGURE 15 illustrates a cross-sectional view of 
the alternative embodiment after removal of the 
gate etch-stop and source/drain insulator layers 
and . after forming the primary elevated 
source/drain junction regions and a secondary 
upper gate region; 

FIGURE 16 illustrates a cross-sectional drawing 
of a transistor having a patterned local intercon- 
nect photoresist or hard mask thereon for 
masked ion implantation; 
FIGURE 17 illustrates a cross-sectional drawing 
of a transistor having secondary elevated 
source/drain junction regions, a primary secon- 
dary upper gate region, as well as local inter- 
connect semiconductor extension segments; 
FIGURE 18 illustrates a cross-sectional view of 
the present invention having refractory metal 
disposed thereon; and 

FIGURE 19 illustrates a cross-sectional drawing 
of a transistor having low-resistance reacted re- 
fractory metal local interconnect segments ex- 
tending oyer the field insulating regions and 
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connecting to the source/drain junction and gate 
electrode regions. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a cross-sectional view of a 
prior art elevated source/drain transistor (IGFET) 
indicated generally at 10. Transistor 10 is formed 
over a semiconductor substrate 12, or a doped well 
region formed within a semiconductor substrate. All 
the descriptions given herein are for n-channel 
IGFETs formed within a p-well; however, the struc- 
ture and fabrication flow for p-channel IGFETs are 
similar to those of n-channel devices with the ex- 
ception of opposite dopant types or polarities. P- 
channel-stop regions 14 and field insulating regions 
16 are formed within substrate 12 thereby defining 
a~moat (or active device) region 18 therebetween. 
Moat region 18 defines the area in which an active 
transistor device may be formed. A gate conductor 
20 is formed over moat region 18 and separated 
from semiconductor substrate 12 by a thin gate 
insulator 22, thereby defining a gate 
conductor-Insulator interface 21 therebetween. Gate 
conductor 20 is typically a doped polysilicon layer 
on the order of 3000 to 5000 angstroms in thick- 
ness. This polysilicon layer is formed by a 
chemical- vapor deposition (CVD) process. After the 
formation of gate conductor 20, lightly doped drain 
(LDD) regions 24 are formed by an ion implantation 
step which dopes semiconductor substrate 12 be- 
tween ♦ gate conductor 20 and field insulating re- 
gions 16. 

Sidewall insulator spacers 26 are formed adja- 
cent gate conductor 20. For standard LDD pro- 
cesses, heavily doped source/drain junction regions 
28 are implanted into semiconductor substrate 12 
between field insulating regions 16 and sidewall 
insulating spacers 26. Elevated source/drain junc- 
tion regions 30 are formed at the surface of semi- 
conductor substrate 12 overlying heavily doped 
source/drain junction regions 28. Thus, the com- 
bination of LDD source/drain junction regions 24 
and heavily doped source/drain junction regions 28 
forms implanted source/drain junction regions and 
define the "electrical junction depth" for transistor 
10. 

Refractory metal silicide contacts 32 and 34, 
typically comprising silicides resulting from the 
thermal reaction of a refractory metal such as 
titanium with silicon, are formed over elevated 
source/drain junction regions 30 and gate conduc- 
tor 20. respectively. These silicide contacts are 
formed by a process known as self -aligned silicide 
(SALICIDE) process based on annealing in a nitro- 
gen, ammonia, or an inert ambient. Excess seg- 
ments 35 form over field insulating regions 16 as a 
result of the annealing process used for formation 



of refractory metal silicide contacts 32 and 34. 
Typically, excess segments 35 comprise either un- 
reacted titanium or reacted titanium nitride (if 
titanium is used as the initial refractory metal), or a 

5 combination of these two materials. 

Prior art elevated source/drain transistor 10 has 
heretofore included necessary trade-offs in the for- 
mation thereof. In particular, two primary competing 
interests exist in the formation of transistor 10 

io which should be reconciled in constructing the de- 
vice. These two primary interests are: (1) maintain- 
ing the depth of implanted source/drain junction 
regions 24 and 28 as shallow as possible; and (2) 
sufficiently doping gate conductor 20 near 

75 conductor/insulator interface 21. The need for es- 
tablishing each goal and the trade-offs incurred in 
reconciling these goals are discussed below. 

As is known in the art, a conductive material 
with a suitable work function is preferably utilized 

20 for gate conductor 20. A metal material, however, is 
known to be particularly inappropriate for gate con- 
ductor 20 because device reliability and wear-out 
characteristics could be significantly degraded due 
to stress and contamination problems' which would 

25 be present by having a metal gate conductor 20 in 
contact with gate insulator 22. In some applications, 
a refractory metal, metal nitride, or metal silicide 
may be used as gate conductor 20 in direct con- 
tact with gate insulator 22 due to work function and 

30 device threshold voltage considerations; however, 
this choice usually results in additional process 
complexity. Consequently, polysilicon doped to a 
sufficiently high electrical conductivity has here- 
tofore been well recognized as a suitable material 

35 for gate conductor 20. A problem, however, arising 
from the use of doped polysilicon has been the 
difficulty in sufficiently doping the entire gate con- 
ductor 20 with particular need and emphasis for 
sufficient heavy doping near gate 

40 conductor/insulator interface 21 and at the s^irile 
time meeting all the processing trade-offs. This 
interface is well-known and well-characterized for 
the polysilicon/silicon oxide system, and device 
performance is directly related to the sufficiency of 

45 consistent doping of gate conductor 20 near gate 
interface 21 . The polysilicon gate conductivity can 
be effectively increased by shunting the gate elec- 
trode with a refractory metal or silicide overlayer. 
The formation of a sufficiently doped gate con- 
so ductor 20, having a high concentration and uniform 
distribution of dopants near interface 21, has here- 
tofore been achieved in one of two ways. First, 
gate conductor 20 may be doped in a pre-deposi- 
tion furnace at a time separate from the formation 

55 of implanted source/drain junction regions 24 and 
28. Second, gate conductor 20 and implanted 
source/drain junction regions 24 and 28 may be 
simultaneously doped by an ion implantation and a 
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subsequent high-temperature anneal process. The 
methodologies of each of these processes and the 
problems associated with each are discussed be- 
low. It should be emphasized that insufficient 
and/or nonuniform doping of the polysllicon gate 
electrode 20 near the polysilicon gate/insulator in- 
terface 21 can result in device performance and 
threshold voltage degradations. 

Doping of gate conductor 20 and implanted 
source/drain junction regions 24 and 28 at separate 
times may be accomplished in one of two ways. 
The more common method involves constructing 
gate conductor 20 in throo steps. First, an undoped 
semiconductor layer is formed on top of an insulat- 
ing layer which, in turn, is on top of semiconductor 
substrate 12. Second, the undoped layer is doped 
by placing the device in a furnace and diffusion 
doping the undoped semiconductor layer. Third, 
the polysilicon layer is patterned to form gate con- 
ductor 20 on gate insulator 22. Thereafter, im- 
planted source/drain junction regions 24 and 28 are 
formed by known implantation techniques. A sec- 
ond and less popular method of forming a doped 
gate conductor' 20 separate from implanted 
source/drain junction regions 24 and 28 is accom- 
plished by in-situ doping of the gate conductor 
layer as the layer is formed. Thereafter, the layer is 
patterned leaving a doped gate conductor 20 over- 
lying gate insulator 22. Again, implanted 
source/drain junction regions 24 and 28 are then 
formed by known implantation and spacer forma- 
tion techniques. 

The in-situ-doped polysilicon deposition pro- 
cesses are not yet as well controlled and optimized 
as the implantation-doped or diffusion-doped poly- 
silicon conductor formation processes. Further, 
problems arise due to the process difficulties asso- 
ciated with high levels of in-situ doping. In-situ 
doping can affect important deposition kinetics and 
polysilicon layer physical parameters. Moreover, in- 
situ-doped polysilicon deposition processes may 
incorporate relatively high levels of carbon in de- 
posited films due to organic dopant source gases. 

Each of the two above-discussed methods for 
doping polysilicon gate conductor 20 in a process 
step separate from implanted source/drain junction 
regions 24 and 28 have downsides associated 
therewith. In particular, the separate doping steps 
necessarily require additional processing steps 
which increase the time consumption and manufac- 
turing cost associated with fabricating the device. 
Further, the subsequent formation of implanted 
source/draJn junction regions 24 and 28 requires an 
additional thermal annealing step for dopant activa- 
tion which will further drive in, or redistribute, dop- 
ants which have been implanted in the transistor 
channel before formation of gate conductor 20. 
These dopants are typically placed in the channel 
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by ion implantation in order to adjust the device 
threshold voltage and prevent DIBL effects and 
punch-through leakage. Any subsequent redistribu- 
tion or deepening of the dopants in the channel 
5 may cause undesirable effects in the device char- 
acteristics. The dopant redistribution effects are 
even greater when gate doping is done by furnace 
doping after deposition of the undoped polysilicon 
layer. This increase is due to the added thermal 
io treatment steps. 

As mentioned above, gate conductor 20 and 
implantod source/drain junction regions 24 and 28 
may be doped simultaneously using the samo dop- 
ant ion implantation step. This process typically 
is involves depositing an undoped polysilicon layer 
over an insulating gate dielectric layer which has 
been formed on the surface of semiconductor sub- 
strate 12. Thereafter, standard integrated circuit 
fabrication processes including microlrthography 
20 and plasma etch are implemented to pattern the 
gate conductor 20 over gate insulator 22. Subse- 
quent thereto, a suitable dopant such as arsenic, 
phosphorus or boron (usually n-type for n-channel 
and p-type dopant for p-channel devices) is utilized 
25 to dope both gate conductor 20 and the exposed 
areas of semiconductor 1 2, thereby forming ion 
implanted source/drain junction regions 24 and 28 
at the same time as doping gate conductor 20. The 
ion implantation step is then followed by a thermal 
30 annealing step to uniformly dope gate conductor 20 
and also activate dopant atoms in source/drain 
junction regions 24 and 28. 

The method of simultaneously doping gate 
conductor 20 and implanted source/drain junction 
35 regions 24 and 28 also carries with it numerous 
disadvantages and serious trade-offs. As is known 
in the art, it is desirable to minimize the depth of 
implanted source/drain junction regions 24 and 28. 
In order to maintain shallow junction depths- for. 
40 these regions, a fairly low implant energy, typically 
on the order of 10 to 50 keV, is necessary in 
advanced submicron technologies. These low en- 
ergies will implant dopants to shallow levels; how- 
ever, this level is usually insufficient to drive the 
45 dopants through the depth of gate conductor 20 to 
the region where dopants are needed near inter- 
face 21. Moreover, a fairly low-energy dopant ion 
implantation Is preferred in order to prevent pene- 
tration of the implanted dopant profile tail into the 
so gate dielectric and device channel region. As a 
result, a subsequent high-temperature annealing 
step is necessary in order to activate the dopants 
previously implanted in source/drain junction re- 
gions 24 and/or 28, and to uniformly distribute the 
55 dopant atoms throughout gate conductor 20. This 
annealing process, however, must be carefully con- 
trolled so that the annealing temperature does not 
exceed certain upper thresholds or there may be 

6 
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device performance degradation. Further, the time 
period for the anneal must be controlled because a 
longer duration will cause the dopants to go too 
deep into Ihe device, thereby forming deep im- 
planted source/drain junction regions 24 and/or 28 
and possibly driving dopants through gate 
electrode/dielectric interface 21 into gate insulator 
22 and into the device channel, both of which 
would have undesirable effects on the ultimate 
electrical characteristics of the IGFET device. Ttius, 
the method of simultaneously doping gate conduc- 
tor 20 and source/drain junction regions 24 and 28 
seemingly requires a well-controlled and balanced 
process involving low energy ion implantation fol- 
lowed by an annealing process with optimum tem- 
perature and duration. 

Opposing considerations, however, contradict 
the needs for low ion implantation energy, tempera- 
ture and time period for the post-implant anneal. In 
order to effectively and uniformly distribute dopants 
through entire gate conductor 20 toward interface 
21. the post-implant thermal anneal of the device 
must be sufficiently large in order to evenly distrib- 
ute the dopants. As mentioned above, a failure to 
do so will cause poor device performance including 
reduced transconductance or device gain. In addi- 
tion, the thickness of gate conductor 20 (typically 
3000-5000 angstroms) necessarily requires a long- 
er thermal treatment in order to drive the implanted 
dopants to the area near interface 21, particularly 
when a relatively low ion implantation energy is 
used. Thus, it may be appreciated that there is a 
serious trade-off incurred when gate conductor 20 
and implanted source/drain junction regions 24 and 
28 are simultaneously doped because the forma- 
tion of the former favors larger implantation en- 
ergies, annealing temperatures and time periods, 
while formation of the latter requires lesser im- 
plantation energies as well as smaller . annealing 
temperatures and time periods. It should aJso be 
mentioned that although uniform gate doping favors 
higher implant energies and stronger post-implant 
anneals, these process parameters should not be 
too high to cause dopant penetration into gate 
insulator 22 and into the device channel. 

Additional considerations concerning elevated 
source/drain transistor 10 of FIGURE 1 also arise 
with respect to excess segments 35. In particular, 
excess segments 35 are commonly formed simul- 
taneously with the formation of reacted refractory 
metal silicide contacts 32 and 34. These regions 
are formed as a result of the sputter deposition of a 
thin refractory metal such as titanium or tungsten 
and a subsequent annealing step in a nitrogen or 
ammonia ambient. The refractory metal titanium 
reacts with the semiconductor materials of elevated 
source/drain junction regions 30 and gate conduc- 
tor 20, thereby forming electrically conductive reac- 
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ted silicide regions for refractory metal silicide con- 
tacts 32 and 34, respectively. Excess segments 35 
are portions of either unreacted titanium or titanium 
nitride. These segments form over insulating layers 

5 due to the reaction between the deposiled lilanium 
and the nitrogen or ammonia ambient. This pro- 
cess is referred to as the self-aligned silicide or 
"SALICIDE" technique. 

The prior art has treated excess segments 35 

io in one of two ways. First, excess segments 35 (as 
well as excess metal and metal nitride ears left 
over sidewall insulator spacers 26 which are not 
shown in FIGURE 1) are entirely removed and a 
subsequent metalization process is used to make 

16 needed connections to refractory metal contacts 32 
and 34 (and to provide overall circuit interconnec- 
tions). In particular, after excess segments 35 (and 
sidewall ears) are removed, an interlevel dielectric 
layer is formed over transistor 10 and contact holes 

20 are made within the dielectric layer. Thereafter, a 
metal layer is formed over the interlevel dielectric 
layer and metal contacts are made through the 
contact holes, thereby making connections to tran- 
sistor 10. The second approach to treating excess 

25 segments 35 is based on the use of a titanium 
nitride layer over field insulating regions 16 and 
operable as extended source/drain and gate con- 
tacts. After the silicide formation annealing process, 
the titanium nitride material over any insulating 

30 regions is patterned and etched and the remaining 
patterned portions are employed as local intercon- 
nects. These local interconnects, based on refrac- 
tory metal nitrides, have poor electrical conductiv- 
ity, and therefore can cause device interconnection 

35 delays and are only practical to interconnect over 
short distances (e.g. less than 20 urn in 1-um 
technologies). Another potential limitation of these 
"SALICIDE" techniques is the need for a high- 
selectivity dry etch process which can remove the 

40 excess refractory metal nitride segments without 
removing the metal silicide and insulating oxide 
layers. These etch processes are usually difficult to 
develop. 

In light of the above, it is clear that the meth- 
45 odotogies known In the prior art to construct tran- 
sistor 10 and interconnect the same give rise to 
numerous trade-offs. Further, potential process 
complexities and device performance limitations 
must be carefully examined in order to provide an 
so optimum device. The present invention, however, 
provides a novel device fabrication process flow 
and structure allowing the simultaneous optimized 
doping of a gate conductor and implanted 
source/drain junction regions while accommodating 
55 ail the trade-offs and considerations mentioned 
above. In particular, the present Invention accom- 
modates the aforementioned trade-offs, permits 
dopants to be driven sufficiently and uniformly near 

7 
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the gate conductor/insulator interface and maintains 
shallow implanted source/drain junction regions. 
Further, an efficient and advantageous interconnec- 
tion method and fabrication process flow are pro- 
vided. 

The preferred embodiments of the present in- 
vention are illustrated in FIGURES 2-19 of the 
drawings, like numerals being used to refer to like 
and corresponding parts of the various drawings. 

FIGURE 2 illustrates a cross-sectional view of a 
transistor structure constructed in accordance with 
the prosent invention and indicated generally at 36. 
Transistor structure 36 (all descriptions are for an 
n-channel IGFET) includes a semiconductor sub- 
strate 38 having p-channel stop regions 40 and 
field insulating regions 42 formed thereon. Semi- 
conductor substrate 38 may comprise a substrate, 
or alternatively may be a doped semiconductor 
well (p-well for n<hannel and n-well for p-channel 
devices) formed within a semiconductor substrate. 
Semiconductor substrate 38 (or the associated 
doped well) is preferably silicon, and for illustrative 
purposes, is p-type silicon. It should be noted that 
while the present example will describe an n-chan- 
nel transistor, the present invention is also ap- 
plicable to p-channel devices when the dopant 
types or polarities are reversed. 

Regions 40 and 42 are generally constructed 
with photolithographic processes to define a moat 
area 44 which is where the active device subse- 
quently may be constructed. P-channel-stop re- 
gions 40 and field insulating regions 42 are formed 
in accordance with well-known processes utilized to 
improve device-to-device isolation. In particular, 
field insulating regions 42 may be formed by the 
so-called local-oxidation-of-silicon (LOCOS) or the 
poly-buffered LOCOS process. Other processing 
techniques may also be used instead of conven- 
tional LOCOS or poly-buffered LOCOS (PBL) in 
order to form scaled insulating and moat regions 
42 and 44. A sacrificial insulating layer 46 is 
formed at the surface of semiconductor substrate 
38 and between field insulating regions 42 by a 
process such as thermal oxidation. Sacrificial in- 
sulating layer 46 is preferably a grown oxide layer 
on the order of 200 to 400 angstroms in thickness. 
Any additional implants, such as threshold voltage 
adjustments or punch-through prevention ion im- 
plants, also may be performed into the moat sur- 
face region 49 after the formation of sacrificial 
insulating layer 46. The growth of sacrificial insulat- 
ing layer 46 helps to eliminate any residual surface 
damage due to the isolation process flow. 

FIGURE 3 illustrates a cross-sectional view of 
transistor structure 36 following the formation of an 
initial multi-layer gate electrode stack including a 
lower gate region 50, an interim gate etch-stop 
layer 52 and a disposable upper gate region 54. 



Sacrificial layer 46 illustrated in FIGURE 2 is re- 
moved by either a wet or damage-free dry isotropic 
etch. A gate insulating layer 48 is formed at the 
surface of semiconductor substrate 38 between 
6 field insulating regions 42. Insulating layer 48 op- 
erates as a gate dielectric for transistor structure 
36. Gate insulating layer 48 is preferably a ther- 
mally grown oxide layer on the order of 100 ang- 
stroms in thickness. Other gate dielectric materials 
io such as silicon nitride or nitrided oxides may aJso 
be used. Gate insulating layer 48 is preferably 
amorphous, but also may be single crystal, in 
structure (if epitaxial insulators such as CaF 2 or 
sapphire are used). 
15 A three-layered gate stack structure, including 
a lower gate region 50, an interim gate etch-stop 
layer 52 and a disposable upper gate region 54, is 
formed over gate insulating layer 48. Preferably, 
the gate structure is formed as follows. A thin 
so semiconductor layer such as polysilicon, amor- 
phous silicon, silicon-germanium alloy or germa- 
nium is deposited at a thickness on the order of 
1000 angstroms. The thin semiconductor layer de- 
fines a gate conductor/insulator interface 51 be- 
25 tween itself and gate insulating layer 48. A thin 
etch-stop layer, such as silicon oxide on the order 
of 10-100 angstroms in thickness, is formed over- 
lying the thin semiconductor layer by thermal oxi- 
dation or chemical-vapor deposition (CVD). Finally, 
30 a thick material layer, such as a semiconductor 
layer consisting of either polysilicon or amorphous 
silicon or silicon-germanium alloy or germanium, is 
deposited at a thickness on the order of 4000 
angstroms over the thin insulating layer. The dis- 
35 posable upper gate region may also be another 
material such as a suitable insulator. However, a 
semiconductor material is the preferred choice. 

The three-layer structure is patterned in accor- 
dance with known photolithographic and plasma 
40 etcfi processes, thereby yielding the structure 
shown in FIGURE 3. The etching step is preferably 
accomplished by an anisotropic plasma (e.g. 
reactive-ion etch or RIE. magnetron-ion etch or 
MJE, or ECR plasma etch) with a silicon to oxide 
45 selectivity usually greater than 40 to 1. This high 
selectivity is chosen in order to properly etch the 
lower semiconductor layer 50 In the gate stack 
without fully etching through gate insulating layer 
48. Thus, the etch selectivity and over-etch time 
so should be properly controlled in order to prevent 
penetration through gate Insulating layer 46. The 
thin etch-stop layer 52 may be removed by using 
an alternative in-situ etch process after etching 
through the disposable -upper gate layer 54. The 
55 second etch step during the three-step etch 
(preferably in-situ) sequence for gate definition ef- 
fectively etches through etch-stop layer 52 without 
causing any line width loss or undercut on semi- 
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conductor layers 54 and 50. 

As mentioned earlier, it should be noted that 
both the thin and thick semiconductor layers may 
comprise alternative semiconductor materials. Such 
materials include, but are not limited to, silicon- 
germanium, polycrystalline germanium, polycrystal- 
line silicon-germanium and amorphous germanium. 
It should also be noted that the deposition of all 
three of the above-mentioned layers is preferably 
accomplished by an in-situ process; that is, all 
three layers may be formed by an in-situ multi-step 
process in the same process equipment without 
having to remove the wafer from the process 
chamber in order to form the thin etch-stop oxide 
layer between the upper and lower semiconductor 
layers. Disposable upper gate layer 54 may be 
another material instead of silicon. Other choices 
include doped CVD oxide layers such as PSG, 
BSC and BPSG as well as silicon nitride. Etch- 
stop layer 52 may consist of etch-blocking materi- 
als other than silicon oxide. 

FIGURE 4 illustrates a cross-sectional view of 
transistor structure 36 following the formation of 
first sidewall spacers 56 and lightly-doped drain 
(LDD) source/drain junction regions 58 which define 
a channel region 53. Sidewall spacers 56 are an 
insulating material such as silicon oxide or silicon 
nitride formed on the sidewalls of gate regions 50, 
52 and 54 by one of two preferred methods. First, 
an oxide layer may be thermally grown on the 
sidewalls to a thickness of 30 to 200 angstroms. 
Alternatively, an oxide or nitride layer may be de- 
posited using a low-pressure chemical-vapor depo- 
f sition (LPCVO) process followed by a short 
reactive-ion etch (RIE) cycle. Either process results 
in insulating sidewall spacers 56 as shown in FIG- 
URE 4. Oxide or nitride sidewall spacers 56 are 
preferably amorphous in structure. 

LDD source/drain junction regions 58 are 
formed by an ion implantation process, the LDD 
implantation dose is optimized for device reliability 
and improved breakdown voltage performance 
without significantly degrading the device gain. In 
particular, dosage is typically on the order of 5E12 
to 1 E^cm* and preferably 5E13/cm 2 . The ion 
energy level for implantation is 15 to 50 keV, and 
preferably 25 keV. In the example of an n-channel 
transistor, a common dopant may be arsenic, phos- 
phorus or antimony. It should be noted that n-type 
dopants are preferably used for n-channel poly- 
silicon gate devices in order to maintain a desirable 
work function and device threshold voltage for the 
gate electrode. This choice further ensures that the 
transistor will operate as a surface-channel device 
rather than as a buried-channel device without a 
need for high-dose threshold adjustment channel 
ion implantation. LDD source/drain junction regions 
58 are a preferable option provided with the 
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present invention; however, LDD technology need 
not be included In a transistor under the present 
invention. Thus, the present invention alternatively 
may be constructed with conventional device 

5 source/drain processes. No high-lemperature an- 
nealing process is necessary in order to activate 
the LDD junction 58 following the LDD ion im- 
plantation step. 

FIGURE 5 illustrates transistor structure 36 fol- 

io lowing the formation of secondary sidewalls spac- 
ers 60. Secondary sidewall spacers 60 are formed 
by depositing and etching an insulating layer on 
the order of 500 to 2500. and preferably 1500 
angstroms in thickness. Preferably, the deposited 

76 layer is silicon-nitride or silicon oxide deposited by 
an LPCVD process. Thereafter, an RIE is per- 
formed to remove the silicon nitride or silicon oxide 
from flat surfaces, thereby leaving secondary 
sidewall spacers 60 as illustrated. If silicon nitride 

20 is used to form insulating spacers 60, a nitride to 
oxide selectivity greater than 1 0 to 1 is used in the 
RIE. thereby permitting complete removal of nitride 
from flat surfaces without removing gate insulating 
layer 48 (assuming silicon oxide is used for the 

25 gate dielectric). The etch selectivity and RIE over- 
etch time must be accurately controlled in order to 
properly and anisotropics ly etch the silicon nitride 
layer without etching through gate insulating layer 
48 which would expose LDD source/drain junction 

30 regions 58 to a subsequent silicon etch process. 
Secondary sidewall spacers 60 are preferably 
amorphous in structure. 

FIGURE 6 illustrates transistor structure 36 fol- 
lowing the complete selective removal of previously 

35 existing disposable upper gate region 54. After the 
formation of secondary sidewall spacers 60, an 
isotropic etch having a high silicon-to-oxide and/or 
silicon-to-nitride selectivity on the order of 100 to 1 
Is performed. This etching process removes dis- 

40 posable upper gate region 54 (see FIGURE 5). The 
etch stops on Interim gate etch-stop region 52 and 
defines a gate trench area 62 between sidewall 
spacers 56 and over interim gate etch-stop region 
52. 

45 FIGURE 7 illustrates a cross-sectional view of 
transistor structure 36 following the formation of 
heavily doped shallow source/drain junction regions 
64. An implantation step is performed at optimum 
dose and energy which simultaneously forms heav- 

50 ily doped source/drain junction regions 64 and 
dopes lower gate region 50. Again; common exam- 
ples of n-channel transistor dopants are arsenic, 
phosphorus or antimony. The implantation is per- 
formed at a low-energy level on the order of 10 to 

55 100 keV, and preferably is 20 keV in order to 
prevent dopant penetration into channel region 53. 
The ion dose in this implantation step is on the 
order of 1E15 to 5E16/cm 2 , and is preferably 
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5E15/cm 2 . Etch-stop layer 52 may be left in gate 
trench area 62 until this implantation process is 
complete. 

Following the implantation, a rapid thermal an- 
nealing (RTA) or furnace annealing process is per* s 
formed. The RTA or furnace anneal redistributes 
the dopants in the thin lower gate region 50, and 
activates dopant atoms in LDD source/drain junc- 
tion regions 58 and heavily doped source/drain 
junction regions 64. The RTA process is preferably 10 
performed at 1000*C for 30 seconds. Furnace 
annealing may be used (instead of RTA) at, for 
instance, 900 *C for ono hour. It should be noted 
that the thinness (on the order of 1000 angstroms) 
of lower gate region 50 permits a uniform and high- is 
concentration distribution of dopants near 
gate/insulator interface 51 with the use of a low to 
moderate annealing step having a controlled tem- 
perature and duration. Thus, the simultaneous dop- 
ing and subsequent thermal anneal steps permit 20 
silicon gate dopants to properly distribute within 
lower gate region 50. near gate/insulator interface 
51 and LDD source/drain junction regions 58. as 
well as permitting source/drain junction regions 64 
to become fully activated without a significant junc- 25 
tion dopant redistribution. As a result, the prior art 
problems, discussed earlier, of requiring excessive 
annealing temperatures, duration and implantation 
energies for effective doping of thick polysilicon 
gates are eliminated by utilizing a thinner lower 30 
gate region 50. 

An anisotropic (or timed isotropic) oxide etch is 
performed which removes the exposed portions of 
gate insulating layer 48 (see FIGURE 6). The plas- 
ma oxide etch further removes interim gate etch- 35 
stop layer 52 in gate trench area 62. 

FIGURE 8 illustrates a cross-sectional view of 
transistor structure 36 after the formation of ele- 
vated source/drain junction regions 66 and perma- 
nent upper gate semiconductor region 68. A selec- 40 
tive semiconductor growth (SSG) process is prefer- 
ably used to form elevated source/drain junction 
regions 66 overlying heavily doped source/drain 
junction regions 64. The SSG process simulta- 
neously causes formation of permanent upper gate 45 
semiconductor region 68 in gate trench area 62. 
The SSG process may be performed in an epitaxial 
semiconductor growth reactor using selective de- 
position process chemistry such as SiH 2 CI 2 (DCS) 
with HCI and H2 for selective silicon deposition. As 50 
a result of the SSG process, there Is a self-aligned 
selective deposition of undoped silicon (or germa- 
nium or silicon-germanium alloy) thereby forming 
elevated source/drain junction regions 66 and per- 
manent upper gate region 68. Each of elevated 55 
source/drain junction regions 68 and permanent 
upper gate region 68 may be formed on the order 
of 4000 angstroms in thickness. In the current 



example, silicon is the selectively grown semicon- 
ductor material because the material underlying 
regions 66 and 68 is also silicon. It should be 
understood, however, that alternative semiconduc- 
tor materials (e.g. germanium or silicon-germanium 
alloy), may be grown in accordance with silicon 
substrate or alternative types of underlying semi- 
conductor materials. 

ft should be noted that the quality of the semi- 
conductor layer deposited by the SSG process is 
not a critical factor which will affect device perfor- 
mance. The SSG layer filling gato trench area 62 
may be either amorphous or polycrystalline silicon. 
Moreover, the SSG layer deposited simultaneously 
on top of heavily-doped source/drain junction re- 
gions 64 may be amorphous, polycrystalline, or 
single-crystal silicon or germanium or silicon-ger- 
manium alloy. The type of semiconductor material 
layer deposited on various parts of a patterned 
semiconductor substrate depend on various factors 
such as surface morphology, surface defects, and 
type of underlying layer. For instance, the poly- 
crystalline nature of tower gate region 50 will en- 
sure that the SSG refill material for permanent 
upper gate regions 68 wilt be either amorphous or 
polycrystalline. However, the heavily doped 
source/drain junction regions 64 are single-crystal 
and, as a result, the process and silicon surface 
characteristics will determine the type of silicon 
material layer for elevated source/drain junction 
regions 66 (single-crystal, polycrystalline, or amor- 
phous). The SSG process parameters are opti- 
mized in order to eliminate any pattern-dependent 
kinetics (i.e. microloading) effects and faceting. 
These considerations usually imply that the SSG 
process should be performed in the kinetic-limited 
or reacting-limited deposition regions (e.g. at T£ 
900 * C and low pressures). 

The SSG layer may be deposited as undoped: . 
semiconductor, and subsequently, ion implanted 
either before or after the formation of self-aligned 
silicided regions as discussed below. The subse- 
quent doping may be accomplished by performing 
an n+ (e.g. arsenic or phosphorus) ion implanta- 
tion on the order of 1E15 to 1E16/cm 2 at an energy 
level of 40 to 100 keV. Thereafter, the device is 
annealed by RTA, for instance, at 1000 'C for 15 to 
100 seconds. An in-situ doping process at a level 
on the order of 5E18 to 5E2l/cm 3 , and preferably 
at 5E20/cm 3 , may be used as an alternative to 
depositing undoped silicon. In-situ doping is per- 
mitted because the heavy doping level of elevated 
source/drain junction regions 66 and permanent 
upper gate region 68 is not as critical as it is near 
gate conductor/insulator interface 51. The choice of 
in-situ doping during the SSG process or ion Im- 
plantation doping depends on various process con- 
siderations. 
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FIGURE 9 illustrates a cross-sectional view ot 
transistor structure 36 after the formation of reacted 
refractory metal contacts 70 and 72. Reacted re- 
fractory metal contacts 70 and 72 are formed over 
elevated source/drain junction regions 66 and per- 
manent upper gate region 68, respectively. Typi- 
cal Jy, reacted refractory metal contacts 70 and 72 
are on the order of 1000 to 3000 angstroms in 
thickness. Reacted refractory metal contacts 70 
and 72 are preferably formed by a self-aligned 
silicide or "SALICIDE" process which involves the 
sputter deposition of titanium or other refractory 
metals followed by an RTA in a nitrogen or ammo- 
nia ambient. The RTA forms silicide contacts over 
gate, source, and drain regions due to the reaction, 
and consumption, of titanium with the underlying 
exposed semiconductor (i.e., silicon in the exam- 
ple). Reacted refractory metai nitride and some 
unreacted refractory metal are left over the insulat- 
ing surfaces, including field insulating regions 42 
and sidewali spacer 60 regions. After the initial 
RTA, both unreacted titanium and reacted titanium 
nitride (not shown) may be selectively etched and 
removed with a plasma and/or wet etch process. 
Thereafter, a second RTA may be performed in 
order to cause reacted refractory metal contacts 70 
and 72 to have a lesser electrical resistivity (and 
also complete stoichiometric silicide formation over 
gate and source/drain junction regions). 

The present example specifies a silicide ma- 
terial which is the reaction product of the refractory 
metal with the underlying silicon. It should be 
noted, however, that reacted refractory metal con- 
tacts 70 and 72 may comprise alternative reactive 
products where a refractory metal reacts with other 
types of alternative semiconductor materials (e.g. 
germanium or silicon-germanium). 

The process steps discussed hereinabove de- 
, scribe a . novel fabrication methodology for con-, 
strutting a new transistor structure. The following 
discussions provide numerous other considerations 
which may be implemented in constructing alter- 
native embodiments of the present invention, or 
may be used in addition hereto for interconnecting 
a transistor fabricated in accordance with the 
present invention to other devices proximate there- 
to. 

, FIGURES 10 through 14 represent alternative 
process steps which may be used in lieu of FIG- 
URES 3 through 6, discussed above. The pro- 
cesses discussed in connection with FIGURES 10 
through 14 eliminate the need for the carefully 
controlled anisotropic etch having a high nitride-to- 
oxide selectivity for insulating spacers 60 as dis- 
cussed above in connection with FIGURE 5. The 
original insulating spacer formation process of this 
invention as related to FIGURE 5 requires careful 
optimization of the anisotropic spacer dielectric 



(silicon nitride) etch process parameters (selectivity 
for nitride spacer layer etch to gate oxide layer 48) 
in order to prevent removal of the extensions of 
gate insulating layer 48 which overlie source.'drain 

5 surface junction regions 58. The considerations of 
FIGURES 10 through 14 will ensure that a subse- 
quent isotropic silicon etch process (to remove 
disposable upper gate electrode 54) will not attack 
and remove the LDD source/drain semiconductor 

10 junction regions. 

FIGURE 10 illustrates a cross-sectional view of 
transistor structure 36 of the present invention hav- 
ing a multi-layer stacked gate structure similar to 
that of FIGURE 3, but further including a thin 

16 silicon nitride pad overtayer 74 formed thereover. 
Silicon nitride pad overlayer 74 is formed on top of 
the stack by using an LPCVD or PECVD process to 
deposit a layer of nitride on the order of 100 to 
1000. and preferably 400, angstroms, in thickness. 

20 Accordingly, a four-layer stack of materials exists 
rather than three layers as discussed in connection 
with FIGURE 3. A subsequent photolithographic 
patterning and in-situ anisotropic gate etch yields a 
patterned stack of four layers as shown in FIGURE 

25 10. These layers include lower gate region 50, 
interim gate etch-stop region 52, disposable upper 
gate region 54 and pad nitride overlayer 74 (used 
later on as an oxidation mask). 

FIGURE 11 illustrates a cross-sectional view of 

30 transistor structure 36 of FIGURE 10 following the 
formation of initial sidewali spacers 76, LDD 
source/drain junction regions 78 and secondary 
sidewali spacers 60. Sidewali spacers 76 are 
formed in the same fashion as sidewali spacers 56 

35 discussed above in connection with FIGURE 4. 
Thus, a sidewali oxide on the order of 100 ang- 
stroms in thickness is formed either by growing the 
oxide or depositing and subsequently etching an 
oxide layer. LDD source/drain junction regions 78 

40 are formed in the same fashion as LDD 
source/drain junction regions 58 discussed above 
in connection with FIGURE 4. Thus. LDD 
source/drain junction regions 78 are formed by n- 
type (arsenic, phosphorus or antimony) ion im- 

45 plantation at a dosage on the order of 5E12 to 
1E14/cm 2 , and preferably 5E13/cm 2 . The energy 
level for implantation is 10 to 50 keV, and prefer- 
ably 20 keV. 

Secondary sidewali spacers 80, however, un- 

50 like secondary sidewali spacers 60 of FIGURE 5, 
are constructed using silicon oxide rather than sili- 
con nitride. An LPCVD or PECVD process is used 
to deposit a layer of oxide on the order of 500 to 
3000, and preferably 1500, angstroms, in thickness. 

55 An RIE is performed with selectivity between oxide 
and silicon on the order of 20 to 1 , and selectivity 
between oxide and nitride on the order of 4 to 1 in 
order to prevent nitride pad overlayer 74 from 
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being completely removed during the etch. It 
should be noted that an RIE process with a long 
over etch causes the exposed portions of Insulating 
layer 48 to be removed thereby exposing LDD 
source'drain junction regions 78 (particularly if a s 
large RIE over-etch time is used to ensure com- 
plete removal of excess silicon oxide from sub- 
strate surface). 

FIGURE 12 illustrates a cross-sectional view of 
transistor structure 36 of FIGURE 11 following the ro 
formation of regrown insulator segments 82. An 
oxidation process grows insulator segments 82 on 
the order of 100 angstroms in thickness over LDD 
source/drain junction regions 78. it should be noted 
that nitride pad 74 protects and masks disposable 75 
upper gate region 54 from the oxidation ambient 
during the thermal oxidation process used for oxide 
regrowth to form insulator segments 82. Accord- 
ingly, the structure shown within FIGURE 13 is 
essentially similar to that of FIGURE 5. The signifi- 20 
cant difference is that secondary sidewall spacers 
80 are of an oxide material rather than a nitride 
material as is the case with secondary sidewall 
spacers 60 shown in FIGURE 5. 

FIGURE 13 illustrates a cross-sectional view of 25 
transistor structure 36 following selective removal 
of nitride pad overlayer 74. An isotropic and selec- 
tive etch is used to remove nitride pad overlayer 
74. thereby exposing disposable upper gate region 
54. It should be noted that the isotropic nitride 30 
etchant generally attacks nitride and does not re- 
move any of the oxide regions such as sidewall 
spacers 76, secondary sidewall spacers 80 and 
regrown insulator segments 82. 

FIGURE 14 illustrates transistor structure 36 35 
following the complete selective removal of pre- 
viously existing disposable upper gate region 54. 
After the formation of secondary sidewall spacers 
80. an isotropic etch is performed, this etching 
process removes disposable upper gate region 54 40 
(see FIGURE 13). The etch stops on interim gate 
etch-stop region 52 and defines a gate trench area 
62 between sidewall spacers 76 and over interim 
gate etch-stop region 52. The remaining process- 
ing steps discussed in connections with FIGURES 45 
7 through 9 may then be performed In order to 
construct a transistor device in accordance with the 
present invention. 

If necessary, the fabrication method of this 
invention can be further modified (another embodi- 50 
ment of this invention) in order to fabricate a device 
with efficiently and uniformly doped gate electrode 
and without formation of elevated source/drain 
junction regions. Referring to FIGURE 6. this can 
be achieved by selective removal of the thin gate 55 
etch-stop layer 52 and without complete removal of 
gate insulating layer 48 where it extends over 
source/drain junction regions 58. For instance, if 



etch-stop layer 52 is a 20-A thick oxide, and the 
gate insulating layer extension over regions 58 is a 
100-A thick oxide, etch-stop layer 52 can be re- 
moved easily with a timed isotropic oxide etch 
(even with as much as 100% overetch) without 
complete removal of the gate insulating layer ex- 
tensions. As a result, during a subsequent SSG 
process, selective silicon is only deposited in gate 
trench region 62 to form the permanent upper gate 
region 68. No elevated source/drain junction re- 
gions are formed over LDD source/drain junction 
regions 58 due to the dielectric masking effects of 
the remaining gate insulating layer overlying LDD 
source/drain junction regions 58. 

The alternative above-mentioned embodiment 
also allows formation of elevated source/drain junc- 
tion regions after a first gate trench refill. This can 
be done by breaking the original SSG process into 
two (or more) separate SSG steps. The first SSG 
process is performed after removal of the gate 
etch-stop layer 52. while insulating layer 48 re- 
mains over LDD source/drain regions 58. This first 
SSG process is timed to partially fill gate trench 
region 62. Thereafter, insulating layer 48 is re- 
moved from over LDD regions 58 by an anisotropic 
oxide etch. A second SSG process is preferred 
which completes the gate trench 62 refill and forms 
thinner elevated source/drain junction regions over 
source/drain junction regions 58. A subsequent n + 
ion implantation and anneai is performed to dope 
the top portion of the gate electrode and to form 
the n + source/drain junction regions. This process 
sequence allows formation of thinner elevated 
source/drain junction regions independent of the 
final gate electrode height. 

FIGURES 15 through 19 illustrate a novel pro- 
cess and structure for interconnecting a transistor 
constructed in accordance with the present, inven- 
tion to other devices proximate thereto. In particu- 
lar, FIGURE 15 illustrates an alternative cross-sec- 
tional view of transistor structure 36 shown in FIG- 
URE 8. Instead of forming elevated source/drain 
junction regions with a single semiconductor layer 
on the order of 4000 angstroms by SSG, two steps 
are used for the embodiment of FIGURE 15 to 
provide a suitable configuration for implementing a 
novel interconnect scheme. In particular, the first 
step involves a first SSG. preferably of silicon, on 
the order of 2000 angstroms in thickness (i.e. ap- 
proximately one-half of the total desired 4000 ang- 
strom thickness of the silicon discussed in connec- 
tion with FIGURE 8). Again, the semiconductor may 
be amorphous silicon, polysllicon, single-crystal 
silicon, germanium, or silicon-germanium alloy. 
This first SSG forms primary elevated source/drain 
junction regions 87 and a primary upper gate re- 
gion 88. Further, the silicon may be doped in-situ, 
or grown as undoped silicon followed by a subse- 
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quent doping step. A second SSG step is dis- 
cussed below in connection with FJGURE 17. 

FIGURE 16 illustrates a cross-sectional view of 
transistor structure 36 of FIGURE 15 having a 
patterned photoresist or hard mask 89 and 90 
disposed thereon. Photoresist or hard mask 89 and 
90 is a negative image mask made from an inter- 
connect mask, and therefore exposes areas of tran- 
sistor structure 36 and field insulating regions 42 
where it is desired for reacted refractory metal 
interconnections to be made. If a hard mask is 
usod, materials such as PSG, BSG, or BPSG aro 
preferred. A low energy ion implantation is then 
performed. The implantation is preferably of silicon 
or germanium ions at a dosage of 1E13 to 
1E16/cm 2 and an energy level less than 50 keV. 
The light ion implantation causes slight surface 
damage in the implanted regions including over 
field insulating regions 42, and implants unbonded 
semiconductor atoms at the surface therein. In par- 
ticular, the masked ion implantation process modi- 
fies thft surface structure of field insulating regions 
42 where the implanted ions are deposited. Field 
insulating regions 42 are modified at their surface 
according to the interconnecting pattern due to a 
combination of the following phenomena: first, the 
low-energy implanted ions (silicon, argon, helium, 
or germanium; preferably germanium) break the Si- 
0 bonds at the surface and cause surface damage; 
and second, implanted Si or Ge atoms are depos- 
ited near the masked implanted surface regions 
and provide additional unbonded (or loosely bon- 
ded) semiconductor atoms. An alternative ion im- 
plantation process may implant inert species such 
as argon or helium instead of silicon or germanium. 

FIGURE 17 illustrates a cross-sectional view of 
transistor structure 36 shown in FIGURE 16 follow- 
ing the formation of secondary elevated 
source/drain junction regions 92/ a secondary up- 
per gate region 94 and semiconductor interconnect 
segments 96. Photoresist or hard implant mask 
layer 89 and 90 is stripped. A second SSG of 
undoped or doped semiconductor material is per- 
formed. Preferably, the semiconductor material de- 
posited on implanted field insulating regions 42 is 
amorphous silicon or polysilicon or germanium or 
silicon-germanium alloy. The second SSG performs 
three functions. First, the gate for transistor struc- 
ture 36 is completed because secondary upper 
gate region 94 is formed thereby providing a com- 
plete gate in combination with primary upper gate 
region 88 and lower gate region 50. Second, sec- 
ondary elevated source/drain junction regions 92 
are formed thereby completing the elevated 
source/drain junction regions in combination with 
primary elevated source/drain junction regions 87. 
Third, the SSG forms semiconductor interconnect 
segments 96 because semiconductor is deposited 



over field insulating regions 42 due to the implanta- 
tion of ions discussed in connection with FIGURE 
16. 

As a result of the SSG process following the 

5 removal of the ion implantation mask 89 and 90. 
semiconductor is not only deposited on the ex- 
posed semiconductor of source/drain and gate re- 
gions 92 and 94, but also semiconductor deposition 
occurs on the implanted regions of the field insulat- 

io ing regions 42 and any other implanted insulator 
surface. Using a proper interconnection mask pat- 
tern, this process will result in formation of semi- 
conductor interconnect sogmonts 96 connected di- 
rectly to the source, drain, and/or gate electrode 

15 regions (wherever needed). 

FIGURE 18 shows a cross-sectional view of 
transistor structure 36 of FIGURE 17 after blanket 
deposition of a refractory metal layer and before 
the annealing process. Refractory metal layer 97 

20 may be reacted as discussed below in order to 
provide contact to the gate and/or source/drain 
junction regions of transistor 36. 

FIGURE 19 illustrates a cross-sectional view of 
transistor structure 36 of FIGURE 18 following the 

25 formation of reacted refractory metal interconnect 
segments 98 and 100 (no connection is shown for 
segment 100 over gate conductor 88). Reacted 
refractory metal interconnect segments 98 and 100 
are preferably formed in a three-step process. An 

30 RTA or furnace anneal is performed in order to 
form reacted refractory metal where the refractory 
metal reacts with a semiconductor substance in 
contact therewith. It should be noted that FIGURE 
19 illustrates a complete reaction and consumption 

35 of the refractory metal with semiconductor seg- 
ments 96, secondary elevated source/drain junction 
regions 92 and secondary upper gate region 94 
(see FIGURE 18). This complete consumption, 
however, is not necessary, but is merely shown for 

40 illustrative purposes. 

The excess unreacted refractory metal and 
reacted refractory metal nitride are then removed 
by a selective etching process. Finally, a second 
RTA or furnace anneal is performed in order to 

45 further lessen the electrical resistivity of refractory 
metal interconnect segments 98 and 100 and im- 
prove the silicide stoichiometry. 

From a review of FIGURES 17 and 18, it may 
be appreciated that the semiconductor material, of 

so semiconductor excess segments 96, secondary 
elevated source/drain junction regions 92 and sec- 
ondary upper gate region 94, provides an under- 
lying material to react with refractory metal layer 97 
to form "reacted refractory metal" contacts to tran- 

55 sistor 38. In other words, reacted refractory metal 
contacts form wherever semiconductor material 
was previously formed. This reaction is a self- 
aligned process to form any desired interconnect to 
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transistor 36. Further, if necessary, the interconnect 
masks 89 and 90 (see FIGURE 16) may be struc- 
tured to allow ion implantation into any of the 
sidewall spacer regions in order to grow semicon- 
ductor segments over these regions. This process 
will provide semiconductor material, and subse- 
quently formed reacted refractory metal contacts 
between gate-to-source and/or gate-to-drain of the 
transistor. 

The local interconnect process described in 
this invention provides patterned reacted refractory 
metal such as silicide layers as local interconnec- 
tion lines. This is preferred over the prior art refrac- 
tory metal nitride . local interconnects due to the 
lower electrical resistivity of silicide compared to 
refractory metal nitride, and also due to its im- 
proved compatibility with a large number of metals 
(more refractory metal silicides than nitrides can be 
formed and used as good electrical conductors). 
The process fabrication of this invention employs 
two separate SSG processes in order to allow 
independent optimization of the elevated 
source/drain junctions and gate electrode formation 
as well as the reacted refractory metal intercon- 
nects with fully consumed semiconductor layers. 
The overall process results in a fairly planar device 
structure and reduced chip surface topography. If 
desired, the two SSG processes can be combined 
into one SSG process in order to reduce process- 
ing complexity. However, this will make the thick- 
ness of the semiconductor layer grown over the 
insulating field regions for subsequent silicide inter- 
connects equal to the thickness of elevated 
source/drain junction regions. There will be also 
some effects on the overall device surface topog- 
raphy. 

It should be noted that the local interconnect 
mask and ion implantation process provide allow- 
ance, for implant overlap between the insulating 
region where a semiconductor segment will be 
formed arid the connecting device terminal region 
(gate, source, and drain). For instance, to form 
silicide local interconnection segments 96 to con- 
nect to the source and drain regions of the device, 
the ion implantation is allowed to overlap the ex- 
posed source/drain junction regions sufficiently 
such that a proper formation and extension of the 
segment over the field insulating surface and at its 
edge is ensured. The implanted atoms in the ex- 
posed source/drain junction regions and/or exposed 
gate region have essentially no effect on subse- 
quent SSG process and semiconductor depositions 
in those exposed areas. Moreover, the fabrication 
process sequence of this invention allows complete 
reacted refractory metaJ formation over the gate, 
source/drain junction and local interconnection seg- 
ment regions. The refractory metal nitride and any 
excess refractory metal material left on the insulat- 



ing surfaces (which do not provide any semicon- 
ductor layer formed by SSG) can be easily re- 
moved by an isotropic wet or dry etch process 
which is selective against silicide and insulating 
s layer materials. This type of etch process is fairly 
easy to develop (as apposed to the conventional 
local interconnect techniques where other issues 
such as refractory metal nitride undercut have to 
be considered). 
10 From the above, it may be appreciated that the 

present invention provides a novel and practical 
process and structure involving the construction 
and interconnection of a transistor device. A tran- 
sistor fabricated and interconnected in accordance 
/5 with the present invention includes shallow 
source/drain junction regions and a gate conductor 
having a high concentration and uniform distribu- 
tion of dopants near the gate conductor/gate insula- 
tor interface. Further, the present invention pro- 
20 vides an option to fabricate elevated source/drain 
transistors having benefits associated with simulta- 
neously doping the source/drain junction regions 
and gate conductor. Additionally, the novel inter- 
connect scheme provided in. accordance with the 
25 present invention permits the formation of local 
interconnects utilizing reacted refractory metals 
with semiconductor underiayers and therefore 
eliminates the need for using refractory metal 
nitrides or high electrical resistance interconnects. 
30 The present invention has been discussed in 
connection with the formation of an NMOS device, 
but again it should be understood that the same 
may be constructed in a PMOS environment if the 
dopant types are properly modified. Further, the 
35 provision of an elevated source/drain device is the 
preferred embodiment, but it should be understood 
that the present invention may also be used with 
standard transistor devices having source/drain 
junction regions solely within the semiconductor 
40 substrate (or well) in which the device is con- 
structed, ff desired, the device fabrication flows of 
this invention can be properly and easily modified 
in order to form the elevated source/drain and 
shallow LDD junctions prior to formation of the 
45 secondary thicker sidewall spacers. This option will 
allow formation, of uhrashallow LDD source/drain 
junction regions in accordance with the device 
structure of this invention and based on a 2-step 
(or even l-step) SSG process. Still further, while 
so the present invention has been described in detail, 
it should be understood that various changes; sub- 
stitutions and alterations can be made hereto with- 
out departing from the spirit and scope of the 
invention as defined by the appended claims. 

55 

Claims 

1. A method of forming a transistor, comprising 
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the steps of: 

forming an insulating layer adjacent a 
semiconductor region; 

forming a first gate conductor region adja- 
cent the insulating layer and opposite the 
semiconductor region; and 

forming implanted source/drain regions 
within the semiconductor region by simulta- 
neously implanting dopants into the gate con- 
ductor region and the semiconductor region; 
and 

forming a second gate conductor region 
adjacent the first gate conductor region. 

2. The method of Claim 1 and further comprising 
forming elevated source/drain regions adjacent 
and overlying the implanted source/drain re- 
gions, 

3. The method of Claim 2 wherein the elevated 
source/drain regions comprise a first pair of 
elevated doped source/drain regions, 

and further comprising forming a second pair 
of elevated source/drain regions overlying the 
first pair of elevated source/drain regions. 

4. A method as claimed in any preceding claim 
and wherein the gate conductor region in- 
cludes sidewalls, and further comprising for- 
ming sidewall spacers adjacent the sidewalls 
of the gate conductor region. 

5. A method as claimed in any preceding claim 
and further comprising: 

covering selected regions of the transistor 
with a mask such that an area where an inter- 
connect is to be formed is exposed; and 

implanting ions into the exposed area. 

6. The method of Claim 5 and further comprising: 

removing the mask: and 
forming a semiconductor interconnect re- 
gion in the exposed area. 

7. The method of Claim 5 or Claim 6 and further 
comprising forming a reacted refractory metal . 
contact inthe exposed area. 

8. The method of Claim 7 wherein said step of 
forming a reacted refractory metal contact 
comprises:' 

sputtering refractory metal over the ex- 
posed areas; and 

annealing the refractory metal such that it 
reacts with the semiconductor interconnect re- 
gion. 

9. A method as claimed in any preceding claim 



and further comprising: 

forming an etch stop layer adjacent the 
first gate conductor region and opposite the 
first insulating layer; and 
5 forming a disposable gate region adjacent 

the etch stop layer and opposite the first gate 
conductor region. 

10. The method of Claim 8 and further comprising 

10 

forming a nitride pad layer adjacent the 
disposable gate region and opposite the etch 
stop layer, wherein the first gate conductor 
region, the etch stop layer and the disposable 
75 gate region include sidewalls; 

forming sidewalls spacers adjacent the 
sidewalls; and 

forming oxide sidewall spacers adjacent 
the sidewall spacers. 

20 

11. A method of forming a transistor, as claimed in 
claim 1 and wherein said insulating layer is 
lormed to have sidewalls; 

said first gate conductor region is formed 
25 to have sidewalls and 

said second gate conductor region is 
formed as a disposable region having sidewalls 
and futher comprising the steps of 

forming an etch stop layer having 
30 sidewalls adjacent the first gate conductor and 

opposite the first insulating layer; and 

forming sidewall spacers adjacent the 
sidewalls of the insulating layer, gate conduc- 
tor region, etch stop layer and disposable gate 
35 region; 

12. The method of Claim 1 1 and further compris- 

" ' removing the etch stop layer; and 
40 forming a third gate coductor region adja- 

cent the first gate conductor region. 

13. The method of Claim 11 or claim 12 and 
further comprising: 

45 forming a nitride pad adjacent the dispos- 

able gate region and opposite the etch stop 
layer, and wherein the sidewall spacers com- 
prise oxide nitride sidewall spacers. . 

so 14. The method of Claim 11, 12 or 13 and further 
comprising: 

forming semiconductor extension seg- 
ments contacting the elevated source/drain re- 
gions; and 

55 forming a reacted refractory metal layer 

contacting the elevated source/drain regions. 

15. A method as claimed in any of claims 11 to 14 

15 
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and further comprising forming a reacted re- 
fractory metal layer overlying said gate con- 
ductor region. 

18. A method as claimed in any preceding claim 
and wherein the transistor is included within an 
integrated circuit, and further comprising: 

covering a selected region of the inte- 
grated circuit with a mask such that an area 
where an interconnect is to be formed is ex- 
posed; 
and 

implanting ions into the exposed area; 
removing the mask; 

forming a semiconductor interconnect re- 
gion in the exposed area; and 

forming a reacted refractory metal contact 
in the exposed area. 

17. A transistor, comprising: 

an insulating layer adjacent a semiconduc- 
tor region; 

a first gate conductor region adjacent said 
insulating layer and opposite said semiconduc- 
tor region; and 

a pair of implanted source/drain regions 
within said semiconductor region; a second 
gate conductor region adjacent said first gate 
conductor region. 

18. The transistor of Claim 17 wherein said pair of 
implanted source/drain regions comprise heav- 
ily doped source/drain regions, 

and further comprising a pair of Rghtly-doped 
drain source/drain regions contacting said 
heavily doped source/drain regions. 

19. The transistor of Claim 17 or Claim 18 and 
further comprising a pair of elevated 
source/drain regions adjacent and overlying 
said implanted source/drain regions. 

20. The transistor ol Claim 19 wherein said ele- 
vated source/drain regions comprise a first pair 
of elevated doped source/drain regions, and 
further comprising a second pair of elevated 
source/drain regions 

overlying said first pair of elevated 
source/drain regions. 

21. A transistor as claimed in any of claims 17 to 

20 and wherein said gate conductor region 
includes sldewaJIs, and further comprising 
sidewall spacers adjacent said sidewalls of 
said gate conductor. 

22. A transistor as claimed in any of claims 17 to 

21 and further comprising: 



an etch stop layer adjacent said first con- 
ductor and opposite said first insulating layer; 
and 

a disposable gate region adjacent said 
5 etch layer and opposite said first gate conduc- 

tor. 

2a The transistor of Claim 22 and further compris- 
ing: 

10 a nitride pad adjacent said disposable gate 

region and opposite said etch stop layer, 
wherein said first gate conductor, said etch 
stop layer and said disposable gate region 
include sidewalls; 

'5 a pair of sidewall spacers adjacent said 

sidewalls; and 

a pair of oxide sidewall spacers adjacent 
said sidewall spacers. 

20 24. An Integrated circuit including a transistor as 
claimed in any of claims 17 to 23. 
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© Method of fabricating a high-performance insulated-gate-fleld-effect transistor and transistor 
fabricated by It 



© An improved device fabrication method and tran- 
sistor structure 36 provide shallow, heavily doped, 
source/drain junction regions 64 and a uniformly 
doped lower gate region 50 having a high concentra- 
tion of dopants efficiently distributed near the gate 
electrode/gate interface 51. The gate, source, and 
drain terminals of transistor 36 may be intercon- 
nected to other neighboring or remote devices 
through the use of reacted refractory metal intercon- 
nect segments 98 and 100. Transistor structure 36 of 
the present invention may be constructed in an 
elevated source'drain format to include elevated 
source/drain junction regions 87 which may be fab- 
ricated simultaneous with a primary upper gate elec- 
trode region 88. This elevated source/drain junction 
feature is provided without added device processing 
complexity. 
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